The present study was designed to evaluate whether plum (Prunus mume Siebold and Zucc., PM) products affect growth performance, digestive enzymes, enteric microflora and inflammatory cytokines in growing broiler chicks. A total of one hundred twenty eight, 3-d-old broiler chicks were assigned to a basal diet (CON) and a basal diet supplemented with antibiotics (ANT), freeze-dried Prunus mume powder (PMP, 0.25%) and Prunus mume extract (PME, 0.125%) until 35 days of age. Throughout the entire feeding period (3-35 days), there were no differences in body weight, feed intake, total gain and feed to gain ratio among the birds fed the basal diet and those fed the diet supplemented with antibiotics, either PM powder or extract. The specific activities of pancreatic α-amylase and trypsin significantly increased (P＜0.05) in birds fed the PME diet compared with those fed the CON and ANT diets. However, the specific activities of intestinal hydrolases such as maltase, sucrase and leucine aminopeptidase were not affected by the dietary groups. The colony forming units (CFU) of E. coli in the digesta of ileo-cecum in the PMP and PME groups were similar to those in the ANT group. The CFU of lactobacilli in the PMP and PME groups was significantly greater (P＜0.05) than that in the ANT group, although there was no difference between the PMP and PME groups. The mRNA expression of splenic IL-1β and IL-6, pro-inflammatory cytokines, was significantly higher (P＜0.05) in the PME group than in the CON group without affecting thymic cytokines. In summary, the dietary PM extract showed beneficial effects on pancreatic digestive enzymes, enteric microflora population and inflammatory cytokine mRNA expression, suggesting that PM extract might be a potential candidate as an alternative to antibiotics in birds.
Introduction
A broad number of feed additives, including antibiotics, have been extensively used in the poultry industry since the 1950's because the manipulations of intestinal functions and microbial habitats have been known to play a crucial role in promoting growth performance and feed efficiency in birds (Collington et al., 1990; Awad et al., 2001) . It has been reported that up to approximately 80% of food animals have received synthetic substances for the purpose of either growth promotion or medication (Lee et al., 2001) . However, recent concerns about feasible antibiotic residues and resistance of pathogenic bacteria have brought much a great attention to the use of antibiotics in food animals. Thus, an enormous effort has been made to search for alternatives to antibiotics as growth promoters in animal agriculture (Wenk, 2000) . The ban on the use of antibiotics in food animals in the European Union (EU) has especially accelerated the study of alternative feed additives to antibiotics. As one category of alternatives, natural compounds and extracts originated from plants have been extensively investigated as feed additives to substitute dietary antibiotics for improving growth performance under an intensive poultry production system (Kamel, 2001; William and Losa, 2001) .
Among a variety of plants, the plum (Prunus mume Siebold and Zucc.), its common names including Chinese plum and Japanese apricot, has long been used as a traditional medicinal and healthy functional food in China, Japan and Korea to treat enteric disorder or improve digestion in humans (Jee, 1999) . A recent study indicated that the Prunus mume (PM) extract was a potential candidate for developing an antimicrobial agent to control or inhibit Helicobacter pylori, associated with gastritis and gastric ulcers (Enomoto et al., 2010) and several pathogenic bacteria (Lee et al., 2003b; Seneviratne et al., 2011) .
PM extract is a complicated mixture of various polyphenols and organic acid compounds which consist of malic acid, citric acid, succinic acid, lactic acid, etc. (Chen et al., 2006) . Organic acids, major components of PM, have especially been known to have biological properties such as antimicrobial and improve gut milieu in domestic animals (Ravindran and Kornegay, 1993; van de Broek, 2000) . Thus, based upon the previous investigations, it is reasonable to postulate that the use of PM as an alternative to antibiotics have a beneficial effect on the intestinal environment of birds.
However, a very limited study was carried out to investigate the effects of PM on growth performance, digestive functions and immunity in birds, although a few studies with rats and cell lines suggest that the PM can be used as an effective feed additive. Moreover, a study with mice demonstrated that the extract of PM enhanced the interleukin(IL) -12p40 level in serum and T-cell ratio in the spleen, suggesting that PM increases immunity by stimulating immune cells (Tsuji et al., 2011) .
Although there is a lack of evidence that dietary PM can affect growth performance as alternatives to antibiotics in birds, it is hypothesized that the dietary addition of PM has potentially beneficial effects on intestinal functions including digestive enzyme secretion and antimicrobial activity. In particular, the improvement of immunity against pathogen in birds is of increasing interest as an alternative to antibiotics.
Therefore, the present study was conducted to evaluate the effects of PM powder or extract as alternatives to antibiotics on growth performance, activity of digestive enzymes, intestinal microflora and inflammatory cytokine expression in broiler chicks.
Materials and Methods

Experimental Animals and Design
A total of 128, one-day old male broiler chicks (ROSS 308) were purchased from a commercial farm and kept in a wire cage in a room equipped with a temperature from 33 to 23℃ and on a light/dark cycle set (light on 07:00-22:00). Immediately after a 2-day adjustment period, all birds were weighed and randomly allocated to four dietary groups; each group had eight replicate cages with 32 birds. The four dietary groups consisted of soy-corn-wheat basal diets (powdered form, Table 1 ) supplemented with none (CON), 33 ppm of Neomycin plus 100 ppm of Oxytetracycline in the starter diet and 10 ppm of colistin in the finisher diet (ANT), 0.25% (w/w) of freeze-dried Prunus mume powder (PMP) and 0.125% (w/w) of Prunus mume extract (PME). The dietary addition level of PM extract was determined by our previous in vitro and in vivo study . Each diet was prepared by mixing the basal diet with corresponding additive according to an experimental design. Prior to mixing in the diet, antibiotics and PM products were premixed with 2 kg of basal diet and then added to the feed mixer.
All birds received the respective starter (3 to 21 days) and finisher (22 to 35 days) diets ad libitum and had free access to water nipples during the experimental period. The body weight and feed intake were recorded on days 3, 21 and 35 after birth to determine the growth performance and feed to gain ratio. The animal handling procedures were approved by the institutional animal care and use committee (IACUC) at the university.
Preparation of Powder and Extract from the Fruit of Prunus Mume
The manufacturing process of freeze-dried powder and extract from the plum (the fruit of Prunus mume Siebold and Zucc.) was prepared in the following manner: the whole fruit from which seeds were removed was cut into small pieces and then air-dried at 30℃ for 24 hr. After that, freeze-dry process was applied to the production of completely dried PM. The powder products were obtained from a grounding mill until the particle size was below 60 meshes. In order to obtain crude extract from PM, we immersed 1 kg of freezedried PM in 1 kg of ethanol (80%) for 7 days. The whole ethanol extract was then concentrated using a rotary evaporator at 60℃ to yield about 200 ml of sticky brown crude extract. Jang et al.: The Plum Products in Diets for Broiler Chicks 
Tissue Harvesting
After the feeding experiment, eight birds of similar body weight per dietary group were sacrificed by cervical dislocation. Immediately after bleeding, several organs including the pancreas, intestine, liver, thymus, spleen and bursa of Fabricius were harvested and weighed. All harvested organs were rapidly frozen in liquid nitrogen and stored at −70℃ until further assay. The small intestine from the pylorus to the ileo-cecal valve was harvested and perfused with 0.9% ice-cold saline with a gentle squeeze to remove remaining digesta.
Sixty percent of the upper intestine was designated as the proximal region and the remaining segment as the distal region. Each segment was carefully rinsed in three successive baths containing mannitol buffer (5 mM MgCl 2 , 150 mM mannitol, 10 mM Tris succinate, 5 mM K 2 HPO 4 and 1 mM MnCl 2 ; pH 7.4). Immediately after washing with buffer, the intestinal segments were placed in an aluminum pan on a bed of ice. The mucosal surface was removed by gentle scraping with a glass slide to obtain epithelial tissues from the small intestine. Residual fat and digesta from the harvested mucosal tissues were removed by resuspension in equal volumes of mannitol buffer followed by centrifugation at 10,000 g at 4℃ for 12 min.
Analysis of Digestive Enzyme Activity
The whole pancreas was homogenized with 1:5 volumes of isolation buffer containing 0.5 M Tris and 0.154 M KCl (pH, 7.4) in a tissue homogenizer. The mixed aliquots were stored at −80℃ for further assay of enzyme activities. The activity of α-amylase was measured using starch potato as the substrate and measuring the amount of reducing sugars liberated with maltose as the standard at 450 nm (Bernfeld, 1955) . One unit was defined as liberated 1.0 mg of maltose from starch per 3 min at pH 6.9 at 20℃. The activity of trypsin was determined using benzoyl-L-arginine ethyl ester (BAEE) as the substrate using an ELISA at 253 nm according to the modified method of Geiger and Fritz (1986) after activation with 0.1 U/ml enterokinase. One unit of enzyme activity is defined as the amount of enzyme that hydrolyses 1 μmole of BAEE per min at pH 8.0 and at 25℃. Bile-dependent carboxylesterase was measured with p-nitrophenyl acetate as substrate using an ELISA (Vmax, Molecular Device Inc.) by a procedure of DeGolier et al. (1999) . Briefly, liberated p-nitrphenol from each well containing 0.35 mM pnitrophenyl acetate, 0. 15 M Tris-HCl and 15 mM sodium taurocholate was monitored by increase in absorption at 405 nm. One unit of enzyme activity is defined as the amount of enzyme that hydrolyses 1 mM of p-nitrophenol per min at pH 8.0 and at 30℃ (the extinction coefficient, 19800
). The proximal intestinal mucosa was weighed and homogenized with 1:6 volumes of mannitol buffer in a tissue grinder. The mixed aliquots were stored at −80℃ for further assay of enzyme activities. To separate enzymes from intestinal membrane fraction, homogenized tissue was diluted 2 times with 2% triton X-100 before enzyme assay. The activities of maltase and sucrase were measured by the slightly modified procedure of Dahlgvist (1968) . The end product, glucose, was determined by an ELISA reader (450 nm) at 37℃. Leucine aminopeptidase activity was measured by the slightly modified method of Rybina et al. (1997) . LLeucine-p-nitroanilide was used as the substrate and the amount of liberated p-nitroaniline was measured using an ELISA reader (V max Molecular Device Co, CA, USA) at 405 nm. One unit is equal to the produced one μmole of pnitroanilide per min under the assay conditions at 37℃. The protein level was determined by the BCA kits (Bicinchronic acid, Pierce, IL, USA) adapted to 96-well plate at 37℃. Specific activity of each enzyme was expressed as the activity per mg of protein.
Microbial Counts
The method of ten-fold serial dilution with sterilized H 2 O was applied to determine the number of colony forming units (CFU) in digesta (1 g) harvested from the ileo-cecum. The count of E. coli was enumerated on MacConkey agar (Difco, NJ, USA) after aerobic incubation at 37℃ for 24 hr. The lactobacillus count was determined using MRS agar (Difco, NJ, USA) after incubation in an aerobic chamber at 37℃ for 48 hr.
Semi-quantification of Cytokine mRNA using RT-PCR
To extract the total RNA from tissues, the method of RNAsol TM B (Tel-Test Inc, Friendswood, TX, USA) was -GCT CTA CAT GTC GTG TGT GA-3′  5′ -TGT CGA TGT CCC GCA TGA-3′   U34045  274  5′ -GCA TCC AAA ATA TGA GTG GT-3′  5′ -AAG CAC AGC CAC ATT TAT CT-3′   AJ621735  350  5′ -AACATGCGTCAGCTCCTGAAT-3′  5′ -TCTGCTAGGAACTTCTCCATTGAA-3′   IL-4 applied. Briefly, 100 mg of tissue was removed from each organ and added to 1 ml of RNAsol solution. The tissues were homogenized using a glass-glass homogenizer. The lysate was transferred to a microcentrifuge tube and added to 1/10 vol. of chloroform to remove protein extract. The aqueous phase was separated by centrifugation for 15 min at 20,000 g. Total RNA was precipitated with the same vol. of isopropanol and centrifuged for 15 min at 20, 000 g. The precipitated total RNA was washed with 75% ethyl alcohol, dried and diluted with diethylpyrocarbonate (DEPC) treated water. The concentration of isolated total mRNA was determined by a spectrophotometer (GeneQuant pro, GE Healthcare, Pittsburgh, PA USA) and confirmed on a 1.0% agarose gel stained with Ethidium bromide (EtBr).
A semi-quantification of mRNA using reverse transcriptase polymerase chain reaction (RT-PCR) was performed to quantify mRNA of the cytokines such as interleukin-1β (IL-1β), IL-4, IL-6 and inducible nitric oxide synthase (iNOS). The cDNA primers used to amplify each gene are listed in Table 2 . Briefly, for synthesis of the first strand cDNA, 1.0 μg of total RNA was incubated at 62℃ for 10 min with 1.0 μg of oligo dT (Invitrogen Inc, Carlsbad, Ca). Next, the resulting solution was incubated at 42℃ for 50 min in a reaction mixture containing 2.5 mM dNTP and 200 units reverse transcriptase (Takara Inc, Shiga, Japan). After that, 3.2 units RNAase H was used to remove RNA hybridized with cDNA for 30 min at 37℃. The amplification of obtained RNA was performed for 32 cycles of denaturation at 94℃ for 30 sec, annealing at 62℃ for 30 sec and extension at 72℃ for 10 min. The reaction mixture consisted of 10 pmol primers, 2.5 μg cDNA, 2.5 mM dNTP and 1 unit Taq polymerase (Takara Inc, Shiga, Japan). We determined the number of cycles and kept the products within the exponential phase. The density of each product in agarose gel electrophoresis (1.5%) containing EtBr was measured using densitometer (Gel documentation system, EasyDoc, Korea). Levels of all mRNAs were expressed as the ratio of signal intensity for genes relative to that for β-actin.
Statistical Analysis
The effects of dietary groups on growth performance, digestive enzyme and microbial counts were analyzed by Proc GLM (SAS Institute Inc., 1989) . When the dietary effect was significant at P＜0.05, Duncan's multiple range test was applied to identify significant differences among groups. Data on diet-associated difference in cytokine expression were analyzed by a Proc t-test at P＜0.05 (SAS Institute Inc., 1989) . Data are presented as means±SD.
Results
Growth Performance and the Relative Organ Weights
The growth performance, feed intake and feed to gain ratio in birds fed the basal diet (CON) and the basal diet containing antibiotics (ANT) and two different processing of Prunus mume (PMP and PME) are presented in Table 3 . Throughout the entire experimental period (3-35 days), there were no significant differences in body weight and total gain among birds fed the basal diet and the diet supplemented with antibiotic, either PM powder or PM extract. However, the control group was shown to have a tendency to decrease in total gain and final body weight compared with the other groups without a statistical difference.
The effects of dietary PM on the relative weights of the wet mucosa, liver, pancreas, spleen, thymus and bursa of Fabricius harvested from 35 day-old birds are shown in Table  4 . Wet mucosal weight was significantly lower (P＜0.05) in birds fed the diet supplemented with antibiotics (ANT) compared with that in birds fed the basal diet (CON). Thymus weight was significantly greater (P＜0.05) by an average of 38% in birds fed the diet supplemented with PM extract (PME) compared with those fed the basal diet (CON). However, liver, pancreas and spleen weights of birds were not affected by dietary groups.
Digestive Enzyme Activities in the Pancreas and Small Intestinal Mucosa
The activities of pancreatic and intestinal enzymes in birds fed the basal diet and the diets containing antibiotic, PM powder and PM extract are shown in Tables 5 and 6 , respectively. The specific activities of pancreatic α-amylase and trypsin in the PME group were significantly greater (P＜ 0.05) than those in the CON and ANT groups (Table 5 ). In fact, the PME group showed increases in the specific activities of pancreatic α-amylase and trypsin over 31% and 28%, respectively compared with the CON group. There was no significant difference in pancreatic α-amylase and trypsin activities between birds fed the basal diet (CON) and diet supplemented with the PM powder (PMP). In addition, Jang et al.: The Plum Products in Diets for Broiler Chicks 31 PMP ANT Table 3 . Growth performance, feed intake and feed to gain ratio from 35 dayold broiler chicks fed the basal diet (CON) and the diets containing antibiotics (ANT), Prunus mume powder (PMP) and Prunus mume extract (PME) The specific activities of maltase, sucrase and leucine aminopeptidase in intestinal mucosa were not altered by dietary groups, indicating that PM did not affect microvillus hydrolases in birds (Table 6) .
Microflora Counts
The effects of dietary feed additives on ileo-cecal microbial CFU are presented in Table 7 . Birds fed the diets containing antibiotics showed a significant reduction (P＜0.05) in CFU of E. coli when compared to those fed the basal diet (CON). There was a similar CFU number of E. coli among birds fed the diets supplemented with antibiotics (ANT) and PM products (PMP and PME groups). The CFU of lactobacilli in the PMP and PME groups was significantly greater (P＜0.05) than that in the ANT group, although there was no difference between the CON and either the PMP or PME group.
mRNA Expression of Inflammatory Cytokines in Immune Organs
We selected two dietary groups (CON and PME) to examine the effects of PM extract on mRNA expression of pro- 7 . 54±0 . 95 PME inflammatory cytokines in immune organs. The mRNA expression levels of IL-1β, IL-4, IL-6 and iNOS in the spleen and thymus of the CON and PME groups are shown in Fig.  1 . In the spleen, which is a secondary lymphoid organ that stimulates the immune response against acquired antigens, the expression level of IL-1β and IL-6 was significantly higher (P＜0.05) in birds fed the diet containing PM extract than those receiving the control diet (Fig 1, A) . However, no significant difference in the expression levels of splenic IL-4 and iNOS was observed between the two groups. In the thymus, a primary lymphoid organ where immature lymphocytes develop, the mRNA expression level of pro-inflammatory cytokines we examined was not affected by dietary PM extract (Fig. 1, B) .
Discussion
In the present study, growth performance, feed intake and feed to gain ratio were similar among birds fed the basal diet and the diet supplemented with antibiotics, either PM powder or extract. It has been generally known that dietary antibiotics do not affect growth performance of animals raised in germ-free conditions (Coates et al., 1963) . Similar to the previous studies, it was thought that dietary antibiotics and PM powder or extract could not have growth promoter activity when birds were kept under optimal conditions such as the highly digestible diets and clean conditions in this Jang et al.: The Plum Products in Diets for Broiler Chicks study. In relative weights of organs, decreased intestinal mucosa weight in the ANT vs. the CON group in our study was similar to the previous reports with birds, in which dietary antibiotics exerted a negative effect on the growth of intestinal mucosa (Stutz et al., 1983; Fethiere and Miles, 1987) . The relative weight of thymus in the PME group was significantly higher than that in the CON and ANT groups. An increase in thymus weight might be due to the effect of PM extract on the increased functional activities of this primary lymphoid organ, which leads to the activation of immunity.
Little is known about the underlying mechanisms by which dietary supplementation with PM modulates digestive enzymes in digestive organs, although it has long been used as a traditional medicinal food to improve digestion in humans. Thereby, we examined the activity of digestive enzymes existing in the pancreas and small intestine of birds fed the diets of PM products to investigate the effects of PM on digestive functions. In the present study, the specific activities of amylase and trypsin in the pancreas were significantly greater in birds fed the PM extract than those fed control and antibiotics supplemented diets.
It has been reported that plant extracts from herbs and spices containing a variety of phytochemicals improves the secretion of digestive enzymes from the pancreas Srinivasan, 1996 and 2000; William and Losa, 2001; Lee et al., 2003a) and bile salt from the liver (Leiss and Bergman, 1985) in rats and chickens. The chickens fed the diets supplemented with a blend of essential oil extracted from plants also resulted in stimulated activities and secretion of digestive enzymes, including amylase, compared with those fed the control diet . One of feasible reasons for increased pancreatic enzymes in birds fed PM extract was the composition of PM extract, which contained a mixture of organic acids including malic acid, citric acid, succinic acid, lactic acid, etc. (Shim et al., 1989; Lim, 1999; Chen et al., 2006) . It has been reported that PM contained 55.94% organic acids, 5.50% crude ash, 4.29% crude protein, 5.85% crude fat and 1.10% polyphenol as dry matter basis (Lim, 1999) .
In particular, organic acids have a widespread use as dietary feed additives, mainly because of their positive effects on intestinal milieu and growth performance. The positive effects of organic acids such as lactic acid on growth performance are due to antimicrobial activity, gut pH reduction, a useful energy source and activated pancreatic juice secretion in pigs (van de Broek, 2000) . Lactic acid has been known as a strong stimulator of pancreatic secretion (Ravindran and Kornegay 1993; Khan, 2003) . Thaela et al. (1998) reported that the dietary inclusion of lactic acid stimulated the secretion of pancreatic enzymes in pigs after weaning. On the other hand, we could not see a difference in the specific activities of intestinal hydrolases such as maltase, sucrase and leucine-aminopeptidase among dietary groups.
It is important to consider that some feed additives originated from plants have a profound impact on gut microflora either directly or indirectly (Cowan, 1999) , although birds have little nutritional advantage from intestinal microflora compared with other species of animals. In our study, birds fed the diets containing the PM extract showed a similar E. coli population when compared to those fed an antibiotic diet. Antimicrobial activity has been recognized as the major beneficial effect of organic acids on animal production, although the exact antimicrobial mechanism has not been fully revealed. Several studies indicated that the PM extract was a potential candidate for developing an antimicrobial agent to control or inhibit Helicobacter pylori, associated with gastritis and gastric ulcers (Enomoto et al., 2010) and several pathogenic bacteria (Lee et al., 2003b; Seneviratne et al., 2011) . Wang et al. (2010) reported that PM showed an inhibitory effect on the growth of Staphylococcus aureus, E. coli, and Psedomonas aeruginosa in vitro study, indicating that organic acids in PM were responsible for antimicrobial actions. Similar to this result, our previous study also indicated that birds fed the diets supplemented PM extract with lactic acid showed a significant increase in lactobacillus compared with the birds fed basal and antibiotics supplemented diets . Several studies have demonstrated that the positive effect of organic acids on growth performance is due to lower gastric pH and subsequent modulation of the intestinal microflora (Tsiloyiannis et al., 2001; Franco et al., 2005) . Therefore, it is speculated that the beneficial effects of PM on the enteric microbes in the present study can be attributed to its composition of organic acids.
A beneficial effect of PM-mediated antimicrobial activity against pathogens such as H. pylori (Nakajima et al., 2006; Enomoto et al., 2010) and human influenza A virus (Yingsakmongkon et al., 2008) could affect immunity, although there is still a lack of evidence that dietary PM affects the health of birds. A recent study reported that fermented PM diet with probiotics increased immune activity in mice, especially against Bordetella bronchiseptica, via the potent stimulation of immune responses (Jung et al., 2010a) . To understand the modes of action as alternatives to antibiotics, the effects of PM on mRNA expression of cytokines in immune organs in birds were examined. We selected the thymus and spleen for cytokine expression due to their role in leukocyte maturation and activation of inflammatory process against antigens. The inflammatory cytokines, IL-1β and IL-6, which are widely expressed in lymphoid and non-lymphoid tissues of birds, are the most powerful cognitive pathways in response to inflammatory process (Kaiser et al., 2009) . Moreover, iNOS is another important gene that might be associated with the inflammatory process, since nitric oxide formed by iNOS has emerged as a multifunctional molecule that plays a crucial role in the regulation of proinflammatory cytokines (Guzik et al., 2003) .
The splenic IL-1β and IL-6, pro-inflammatory cytokines, were significantly higher in the PME-fed group than in the CON group, suggesting that dietary PME improved the immune response by activating pro-inflammatory cytokine in the spleen. This increase in splenic pro-inflammatory cytokines is in agreement with the observations of Tsuji et al. Journal of Poultry Science, 50 (1) (2011) who reported that oral administration of PM extract to mice significantly increased splenic IL-12p70, pro-inflammatory cytokine, and T-cell ratio. Tsuji et al. (2011) suggest that PM-derived polyphenols may be responsible for enhancing inflammatory cytokine and T-lymphocytes in the spleen of mice. Lee et al. (2008) also reported that chickens fed the diets containing either 0.5% or 1.0% oriental plum powder showed significantly greater spleen cell proliferation and IFN-γ expression compared with those fed the control diet, indicating that the plum possesses immunostimulatory properties. Another study also demonstrated that broiler chicks fed the diet containing fermented PM significantly activated the rations of CD4+: CD8+, suggesting that some components of PM enhanced immunity in broiler chicks (Jung et al., 2010b) .
Taken together, PME showed more positive biological parameters as an alternative to antibiotics compared with PMP, although PMP also showed some desirable effects. Thus, it could be suggested that the PME containing a concentrated mixture of phytochemicals including organic acids and polyphenols would synergistically contribute to more desirable gastrointestinal milieu and immunity in birds as an alternative to antibiotics.
In conclusion, dietary PM extract increased pancreatic enzyme secretion and the proliferation of beneficial enteric microbes in the intestinal tract of birds during the fast growing periods. In addition, PM extract activated inflammatory cytokines, which may potentially be related to immunostimulatory action in birds, although much more research needs to be conducted for this to be determined.
